This is the second part of a discussion on the challenges of a second decade of ubimus research. I discuss the issues involved in supporting knowledge transfer in musical activities. I lay out and exemplify the concept of metaphor for creative action. I summarize the results of three studies employing the time tagging metaphor, configuring an effective strategy for supporting everyday musical creativity. Then I report results of a study employing the stripe metaphor -an extension of time tagging devised for usage of a large number of resources. Twelve subjects, encompassing musicians and casual participants, realized improvisatory sessions in a non-standard setting -an audio and musical equipment store. The results indicated a promising new avenue of research targeting lay-musician interaction. The results also raised new questions regarding the strategies adopted for knowledge transfer support. The last section of the paper places these results within the context of the ongoing ubimus efforts, highlighting four issues that have emerged as viable research avenues: everyday musical creativity, lay-musician interaction, design for sustainability and design for distributed creativity. Keywords: Ubiquitous music, Everyday creativity, Metaphors for creative action, Lay-musician interaction.
Introduction
In 2009, after two years of intense exchange -led by two Brazilian research groups, NAP (UFAC/IFAC) and LCM (UFRGS) -the initial proposal on ubiquitous music research (ubimus) was laid out in a series of papers and artworks presented at the Congress of the ANPPOM (KELLER et al. 2009a) and at the Brazilian Symposium on Computer Music (KELLER et al. 2009b; PIMENTA et al. 2009 ). Subsequently, case studies and artistic products were presented as invited exhibits, talks and panels at the Biennial of Latin American Art in Denver, Colorado (2013) , ANPPOM (2014) , SIMA (2015) and SEMPEM (2016) . Special volumes were published by Sonic Ideas (2013), Cadernos de Informática (2014) and Scientia Tech (2015) . Aside from the multiple chapters and papers that have appeared in specialized publications over the last few years -such as the Journal of New Music Research, Organised Sound, and the Journal of Music Technology and Education -a reference volume was released by Springer Press in 2014. Hence, I believe we can say that ubiquitous music constitutes a consolidated research field.
One of the objectives of ubimus endeavors is to provide access to creative music making for a wide range of participants. Supporting good-quality musical products without creating unnecessary barriers to novice participation is particularly tricky. Hence, ubimus research has yielded alternative approaches, including the development of creativity support metaphors. These metaphors can be used to guide the implementation of technological infrastructure. Whether the metaphors are effective means of support for creative activities demands experimentation and data collection in real settings. Consequently, ubimus studies deal with the assessment of creative products and of creative processes while subjects carry out musical activities in everyday contexts.
In this paper, I summarize and discuss the results of field studies employing time tagging and report results of a study employing the stripe metaphor (FARIAS et al., 2014) . Firstly, I lay out the concept of metaphor for creative action. This is intrinsically linked to ubimus research, and to the best of my knowledge, it has not been articulated in related fields -including computer music, creativity studies or human-computer interaction. The second section of the paper provides a short description of the time tagging metaphor and summarizes the experimental findings of three ubimus studies, highlighting the limitations of the initial implementations. Part of these limitations are addressed by the second generation of mixDroid prototypes, embodying the stripe metaphor. Access to massive resources is one of the factors considered in this new set of support tools. I report a study involving both musically trained and lay subjects in everyday settings. A boosted level of engagement in lay-musician interaction emerges as one of the key findings of the experiment. How this phenomenon is linked to the participation of both musicians and naive subjects is an experimental question that demands further study. In the last section of the paper, I place these issues within the larger context of future research endeavors in ubimus. Both everyday musical creativity and lay-musician interaction are new avenues of research that demand an expansion of music-theoretic and methodological frameworks LAZZARINI, 2017) . Mainstream musical interaction research has inherited a restricted view of music making that revolves around concepts such the instrument, the orchestra and the score -well-suited for nineteenth-century European musical practices but hardly applicable to twenty-first century musical endeavors. The adoption of acoustic-instrumental social practices for technology-based music making dismisses two factors that constrain the creative processes and introduce new demands in the design of support infrastructures: distributed creativity and sustainability. Engaging with distributed creativity implies designing for multiple stakeholders carrying out activities in a variety of settings. These activities might take place in well-trodden musical venues -such as auditoriums, rehearsal spaces and classrooms -but they might also be carried out in everyday contexts, including transitory, domestic, leisure and work environments not designed for artistic usage. Engagement of casual participants becomes one of the key issues to be dealt with in these settings. Long-term musical training, domain-specific knowledge and expensive, specialized equipment are not viable options in these types of contexts. Therefore, sustainabilityencompassing infrastructure with low financial cost, easy access to tools and community--shared knowledge -becomes an important target of the support strategies.
Before tackling the recent developments in ubimus research, it may be useful to establish the differences of this perspective in relation to other musical interaction proposals. My keynote talk at the Brazilian Symposium of Computer Music held in 2017 in São Paulo was received with a mix of disbelief and rejection. On one hand, anonymous reviewers pointed to laptop and mobile orchestras as a step forward from ubimus proposals. From a different but conceptually akin perspective, other researchers indicated that the creative products yielded by ubimus activities were not music at all. I will address these two criticisms. I will also argue that it is not sufficient to provide means to make the same music Europeans were doing two hundred years ago. Ubiquitous music research is not just yet another approach to musical interaction. It is a new way to foster music making in contexts that were previously not accessible to artistic endeavors.
Musical interaction and knowledge transfer
Among the issues addressed by ubimus research, the mechanisms of knowledge production and transfer may impact non-professional manifestations of creative practice. The idea that some forms of knowledge are not amenable for sharing has gained acceptance since Polanyi's (1958) initial formulation of the concept of tacit knowledge. Based on a survey of sixty knowledge-management papers, Grant (2007) analyzes the impact of the tacit knowledge concept and proposes a model based on Polanyi's work. Grant's (2007) model adopts Polanyi's basic precept that all knowledge includes a degree of tacitness. Hence, a continuum between tacit and explicit states provides a better representation than the either/ or usage found in other proposals of knowledge management through information technology. Grant's survey indicates that the adoption of an overly simplistic view of the tacit/explicit dimension leads to significant failures in knowledge management practice, especially in IT-related projects. His model includes contexts suitable for stakeholders with a limited background experience (with little tacit knowledge), settings where experts with shared backgrounds and experience can make full use of their tacit knowledge, situations featuring personal knowledge that can hardly be made explicit, and cases in which the stakeholders cannot articulate their knowledge (labeled 'ineffable').
Rather than equating tacit to implicit knowledge, Grant suggests that implicit knowledge might be described as tacit knowledge with potential to be made explicit. For example, a community that shares the necessary know-how to achieve a goal may use that know--how as a way to avoid making their knowledge explicit through spoken or written language. The use of explicit representations -such as verbal explanations, graphic depictions or the implementation of symbolic systems -depends on the level of specialization of the shared resources. Within a common domain, experts have a large pool of shared tacit resources. Beginners, on the other hand, rely on the use of broadly shared knowledge, such as natural language, to eventually gain access to implicit resources.
Knowledge transfer is an important aspect of artistic practice, but no less important is the generation of new -original and relevant -knowledge through shared experience (Dewey, 1934) . The processes involved in the production of new knowledge, encompassing both activities and results, have been dealt with within the context of creativity studies (Kozbelt et al., 2010) . A recent categorization of general creativity magnitudes fits well within the dimensions of knowledge proposed by Grant and Polanyi. Following (BEGHET-TO; KAUFMAN, 2007; BEGHETTO, 2009 ) four levels of creative magnitude have been proposed: eminent creativity (Big-c), professional creativity (pro-c), everyday creativity (little-c) and personal creativity (mini-c) (KOZBELT et al., 2010, p. 23 ). Big-c or eminent creativity encompasses manifestations socially established as paradigmatic examples of creative results, such as published works of art and scientific theories. Eminent creativity manifestations target professional creative products that involve wide social exposure. Personal experiences leading to creative products fall within the context of everyday or little-c creativity studies (RICHARDS et al., 1988) . Mini-c creativity is characterized by the internal, subjective and emotional impact of everyday creative practice. Thus, the little-c label is reserved for everyday creative phenomena that yield products. Between the little-c and the Big-c phenomena, Kaufman and Beghetto (2009) suggest a third type of creative behavior and products: professional creativity or pro-c, encompassing creative achievements that do not attain the eminence of Big-c manifestations. Both pro-c and Big-c processes require explicit knowledge only accessible to experts. The difference between these two magnitudes can be gauged by the social impact of the creative outcomes.
While musical creativity has traditionally been equated to sonic outcomes, the relationship between the material resources and the cognitive processes leading to those outcomes has only recently been addressed -see (KELLER et al., 2009a) and (KELLER et al., 2014b ) for reviews of musical creativity theories. How to share tacit knowledge remains one of the issues to be tackled by musical interaction research. Within the context of musical practice, Big-c products are usually surrounded by a large production of explicit knowledge in the form of written discussions, analyses and derivative works (SIMONTON, 1990) . This body of knowledge is intended to facilitate access to meaningful musical experience. Pro-c products also rely on a fair amount of extra-musical knowledge, but in this case implicit knowledge involving specialized skills in listening and sound making play a key role. Everyday musical creative phenomena are characterized by non-technical settings and by the participation of casual stakeholders (KELLER et al., 2014b; LIMA, 2016) . Therefore, little-c music making does not require specialized knowledge and frequently relies on local resources and personal experience, reducing the demands of tacit knowledge to achieve creative results. Contrastingly, the ineffable quality of tacit knowledge characterizes mini-c musical phenomena.
There are at least two approaches to musical interaction design that engage with knowledge transfer mechanisms during creative activities: the acoustic-instrumental paradigm and the ubimus perspective (table 1). These two approaches involve very different types of knowledge. Hence, the specific requirements are also very different. While acoustic-instrumental designs strive to support virtuosic performances (TANAKA, 2009; WES-SEL; WRIGHT, 2002) , ubimus designs embrace manifestations of everyday creativity (KEL-LER; LIMA, 2016; PINHEIRO DA SILVA et al., 2013) . Acoustic-instrumental designs rely on explicit symbolic notation and/or extensive exposure to specialized instrumental practice. Ubimus designs rely on opportunistic usage of local social and material resources. The latter strategy is grounded on a growing awareness of the impact of everyday musical activities on social interactions and of the long-term consequences of musical endeavors on the local resources. Sustainability emerges as one of the key challenges for ubimus research. 
Metaphors for creative action
Creativity support metaphors furnish a contact point between musical interaction metaphors (PIMENTA et al., 2012) and the approaches to creativity laid out in interaction aesthetics (KELLER et al., 2015b) . Metaphors for creative action differ from domain-specific musical interaction metaphors (see the proceedings of the NIME conferences for multiple examples of the latter). While musical interaction metaphors strive to provide support for musicians within the context of executive activities, metaphors for creative action strive to increase the participants' creative potentials. Hence, they are applicable to a variety of design activities, including planning and exploration. Creative potentials can impact the intended and the unintended by-products of the activity. So they not only target explicit cognitive processes. Metaphors for creative action may find application when the activity demands usage of tacit knowledge.
The creativity support metaphors described in the following sections -time tagging and the stripe metaphor -employ designs based on ecologically grounded strategies (KEL-LER, 2000; KELLER et al., 2010) . Time tagging uses sonic cues as proxies for the temporal distribution of sonic events. The next section provides multiple examples of experiments that employ time tagging and the stripe metaphor for mixing sonic resources (table 2) .
Time tagging experiments
Two generations of prototypes were designed and deployed (FARIAS et al., 2014; RADANOVITSCK et al., 2011) . As an initial validation process, Keller et al. (2009a) used an emulation of a first-generation mixDroid prototype (mixDroid 1G) for the creation of a complete musical work. The procedure encompassed several mixing sessions. The mixDroid 1G prototype was used in the emulation mode on a laptop computer and was activated through pointing and clicking with an optical mouse. Several dozens of sound samples were used, with durations ranging from less than a second to approximately two minutes. The temporal structure of the mix was based on the temporal characteristics of the sonic materials (biophonic sounds). The result was a seven-minute stereo sound work -Green Canopy On The Road -the first documented ubiquitous music work, premiered at the twelfth Brazilian Symposium on Computer Music, held in Recife, PE (KELLER et al., 2009b) .
Focusing on the demands of naive participants in everyday contexts, a second study (PINHEIRO DA SILVA et al., 2014) comprised creative activities in public settings -at a shopping mall, at a busy street and in a quiet area featuring biophonic sounds -and in private settings -at the home of each participant and at a studio facility. Six subjects participated in 47 mixing sessions using samples collected at two outdoors sites comprising urban sounds and biophonic sources. Creativity support was evaluated by means of a creative-experience protocol encompassing six factors: productivity, expressiveness, explorability, enjoyment, concentration, and collaboration (CSI-NAP v. 0.1 -KELLER et al., 2011b) . Outdoor sessions yielded higher scores in productivity, explorability, concentration and collaboration when compared to studio sessions. Compound effects of sound sample type and activity location were observed in the explorability factor when biophonic sound samples were used. Similar effects were detected on explorability, productivity and concentration in the conditions employing urban sounds.
A third study (KELLER et al., 2013b ) made use of recorded vocal samples created by the participants. In order to untangle the effects of place and activity type, three conditions were studied: place, including domestic and commercial settings; activity type, i.e., imitative mixes and original creations; and body posture, realizing the mix while standing or sitting. Ten subjects took part in an experiment encompassing 40 interaction sessions using mixDroid. Subjects created mixes and assessed their experiences through a modified version of the CSI protocol applied in the previous studies (KELLER et al., 2011b) . Explorability and collaboration factors yielded superior scores when the activities were carried out in domestic settings.
The results highlighted the impact of the venue on the support of everyday creative experiences. The outdoor spaces were preferred by the participants of the second study and domestic settings got slightly higher ratings in the third study. While the profile of the subjects impacted the outcome of the third study, this trend was not confirmed by the second study's results. Hence, the main conclusion to be drawn from these studies points to the impact of the venue on the subjects' evaluation of the creative experience. Both their ability to explore the potential of the support metaphor and their ability to collaborate were boosted by domestic settings and by outdoor settings. Fostering professional creativity in everyday settings, the stripe Despite the positive outcomes of the experiments involving time tagging support for novices, no attempt was made to address the needs of professional participants. Given the different requirements of musicians and non-musicians (LIMA et al., 2012) , it would not be surprising to find that effective support for novices does not meet the expectations of professional usage. In this section, I describe a new metaphor based on time tagging and a methodological strategy that incorporates an ecology of devices to support creative activities by both musicians and laypeople in everyday settings.
Our team found inspiration in the work of Hungarian-French visual artist Victor Vasarely . Vasarely defined the field of Optical Art (op art). Vasarely and the op artists strived to find perceptual principles to display simple visual information that would trigger a direct aesthetic impact. His proposals influenced a generation of artists, including the Argentinean Julio Le Parc, the Venezuelan Jesús Rafael Soto and Vasarely's own son Jean-Pierre Yvaral. His innovative paintings and sculptures made use of geometric shapes to create visual illusions. Some of his works, use bicolor stripes to suggest overlapping layers and movement. In the Yellow Manifesto, written in 1955, he stated that "painting and sculpture [have] become anachronistic terms: it's more exact to speak of bi-, tri-and multidimensional plastic art. We no longer have distinct manifestations of a creative sensibility, but the development of a single plastic sensibility in different spaces." (VASARELY, 1955) . We applied op-art concepts to expand the time tagging metaphor.
The second generation of mixDroid prototypes features a new interaction mechanism: the stripe (figure 1). The stripe acts as a functional unit that features both interaction support and audio manipulation. This metaphor ties to the sonic sample the functionality previously linked to the audio channel in analogue systems. The objective is to allow for synchronous interaction with a large number of elements to overcome the screen-size limitations of small devices. Stripes enable mixing using both hands. The amount of active stripes depends on the device's computing power and on the participant's cognitive abilities. Thus, similarly to previous time-tagging implementations (RADANOVITSCK et al., 2011) , devices with low computational resources can be used for complex creative activities in everyday contexts. The stripe acts as an entry point to the sound data. Each stripe displays basic information on the sonic sample being handled, including the file name, the total running time, the current time and the execution state (FARIAS et al., 2014 ) (see figure 3) . Each sound file linked to a stripe is processed independently. By linking the interaction mechanism with the sound sample, the stripe releases the user from the requirement of dealing with multiple samples as a block (as it is the case in the mixing-console metaphor that has the audio channel as its basic functional unit). Synchronous mixing of multiple sound sources is supported without compromising the parametric independence of each source. From the perspective of the user, sounds that demand fast interaction can be placed on stripes that are close to each other. This flexibility, combined with the ability to select stripes though scrolling, should grant quick access to a large number sonic items. Provocative Synthesis II: a stripe metaphor study
The study Provocative Synthesis II addressed the impact of the stripe metaphor in musical activities involving both musicians and novices. As part of a series of ubimus experiments devised by the musician Edemilson Ferreira (FERREIRA et al., 2015; KELLER et al., 2013a) , this study encompassed musicians performing amplified electric instruments and casual users triggering audio sequences on mixDroid 2G CS.
Settings and equipment. The study was carried out at an audio and musical equipment store located in downtown Rio Branco, AC, Brazil. The hardware included a portable computer, a six-channel JamHub mixer and stereo headphones for each of the participants. The JamHub system (WHITE, 2010) features independent returns through headphones for each user. The output from the mixer was routed to the computer and sound levels were monitored by the researcher (figure 2). The prototype mixDroid 2G CS was used on an Iconia One Acer tablet, running the Android 4.1 operating system. The musicians played electric guitar and electric bass.
Subjects profile. Twelve subjects participated in the sessions, including 6 musicians and 6 laypeople (table 4). Their average age was 28.5 years with a standard deviation of 6.76 years. Three of the six self-described musicians had no formal study but reported ten or more years of proficiency playing either electric bass or electric guitar. Procedures. The eleven improvisational sessions had an average of 4 participants per session. Each activity lasted approximately two minutes. Lay participants sat on benches, while the musicians preferred to play standing. Musicians were free to improvise within the bounds of the rhythmic reference laid out by the soundtrack and by the verbal instructions. Throughout the sessions, the mixDroid player was responsible to start the sonic exchanges. All sonic results were recorded as PCM uncompressed audio files.
As in previous creativity assessment experiments (FARIAS et al., 2014; LIMA et al., 2012 ; PINHEIRO DA SILVA, 2013), our research team employed the protocol CSI-NAP to collect data on the creative activity and the creative products. Two factors assess the creative products (relevance and originality). The other four factors target the experience involving the settings, the tools and the participants' experience (easiness of use -the inverse of cognitive effort; focus on activity; fun or enjoyment during the activity; productivity -whether the activity and the result were considered productive; and collaboration -involving the support for social interaction among the participants). The 5-point Likert scale adopted varies from 'I strongly disagree' (-2) to 'I strongly agree' (+2). Zero stands for no preference or no answer. All the participants filled the forms immediately after each session.
Results. The overall results indicate a positive assessment of the experience (figure 3). Strikingly, both musicians and non-musicians gave the highest rating to collaboration support (2.00 ± 0.00). Enjoyment was also highly rated with little variation among sessions (1.91 ± 0.30). Easiness of use got high ratings by all subjects except one (1.73 ± 0.90). The other two descriptors of the experience got positive ratings but higher standard deviations: focus (1.64 ± 0.50) and productivity (1.55 ± 0.69). Finally, the musical product was described as being creative, but this result was not uniform across subjects: relevance (1.55 ± 0.52) and originality (1.64 ± 0.50). A description of the observations done throughout the sessions may help to give context to the results. The choice of the experimental settings somehow facilitated the initial contact with the subjects. In contrast with previous experiments in everyday musical creativity (KELLER et al., 2013b; KELLER et al., 2015b; PINHEIRO DA SILVA et al., 2014) , Provocative Synthesis II involved interactions among professional musicians and laypeople. Previous experiments focusing on creative activities outside of musical venues involved difficulties in drafting participants for the tasks. This was not the case in this experiment. During the activities, we observed that a majority of store visitors were curious and interested in participating in the experience. While novices are generally reluctant to get involved in activities with non-musicians, in this case the possibility of participating in a creative activity with experienced musicians may have sparked their interest.
Limitations. Despite the promising avenue opened by the initial results, several difficulties still need to be addressed. Given the amount of equipment involved, technical preparations become tricky. The multiuser mixer is an effective bridge to integrate instrumental sources with ubiquitous music tools, such as mixDroid. But the dependence on wires and plugs compromises the portability of the system. A combination of wireless connectivity and software-based multiuser mixing might help to increase the mobility of the setup. Another limitation of the study is the small number of sonic resources used by the casual participants. This variable may be related to the profile of the user or to the time available for exploration. In this case, the objective was to assess the ability of the participants to create collaborative sonic products without extended preparation. Hence, it is not possible to determine whether the subjects needed more time or a different kind of support.
Contributions. The high ratings given to the collaboration factor indicate that both the musicians and the untrained subjects felt they were contributing effectively to the musical result. Neither the characteristics of the settings nor the creative products conform to the expected patterns of a professional musical experience. Consequently, these results cannot be classified as a professional-creativity musical outcome (cf. KELLER et al., 2014b for a theoretical discussion of this issue). Furthermore, the high level of collaboration reported here was not observed in other everyday creative activities (KELLER et al., 2013b , PINHEIRO DA SILVA et al., 2013 . The results may be interpreted as an indication that the musical experiences at the fringe of professional and everyday creativity open opportunities for effective contributions both from musicians and novices.
Methodological issues in ubimus
Ubimus experiments can be criticized from three angles. The first criticism entails the number of subjects per experiment. Studies have ranged from six to 67 subjects. Longitudinal studies in musical creativity usually demand detailed observations of multiple activities in various contexts. The profile of the participants is an important factor. Thus, unless the study includes subjects with diverse educational and musical experiences from varied social contexts, the conclusions have to be limited to the profile of the chosen population. Given this constraint, it makes sense to carry out multiple small-sized (subject-wise) studies. As long as the methods are consistent among the various studies, more general conclusions can be drawn by carrying out meta-analyses of the multiple small-scale studies.
The second criticism targets the data-gathering process. This is a valid concern though it has to be placed within the context of the current efforts to increase the ecological validity of the experiments by carrying out data collection "in the wild." Human--computer interaction literature has adopted a loose interpretation of this term. For example, experiments with full access to network resources, wireless support and unconstrained use of electrical power have been called in the wild. Some ubimus experiments have relied on access to the world wide web (MILETTO et al., 2011; VAN TROYER, 2014) . And others have employed local networks (BROWN et al., 2014) . But there are also have been experiments involving usage of portable devices that engaged users without the need of network or wireless support PINHEIRO DA SILVA et al., 2013; RADANOVISCK et al., 2011) . The experiments were carried out in a variety of settings, including transitional spaces that did not provide easy access to electricity -such as parks and streets. The lack of electrical power did not impact the experiments because the activities were limited to durations of less than an hour. But it is not unreasonable to expect that future ubimus studies will involve harsh conditions such as those found in the Amazonian jungle (KELLER, 2004) or the North African desert (BURTNER, 2011). Hence, the data gathering technique has to take into account the settings chosen for the experiment. Network or wireless services cannot be taken as given. And for experiments that target harsh conditions, special arrangements have to made to ensure ample storage space and periodic access to electrical power. Given these demands, low-tech, highly reliable methods -such as printed forms -may end up being better tools for data gathering than techniques that demand permanent internet access or power-hungry devices.
The third methodological conundrum involves the choice between qualitative and quantitative techniques. The pioneering ubimus studies -carried out between 2007 and 2014 -have generally adopted a hybrid approach. Quantitative data was gathered but given the lack of well-trodden methods, the objective has been to explore multiple settings and resources to identify possible drawbacks or opportunities for further study. This practice paid off. Several proposals featured in the Workshops on Ubiquitous Music (UbiMus) have triggered new venues of research. Regarding the development tools, the Mobile Csound Platform was initially featured in the 2012 UbiMus (FARIAS et al., 2014; LAZZARINI et al., 2012) . Conceptual approaches -such as the patterns for musical interaction -were proposed and discussed in various ubimus workshops (FLORES et al., 2010; FLORES et al., 2012) . Exploratory artistic paradigms -such as the ecologically grounded creative practices -were proposed as a focus for ubimus research (KELLER et al., 2014a) . They have been taken up by practitioners outside of the ubimus community (ALIEL; FORNARI, 2014; CONNORS, 2015) . But of course, exploratory methods eventually give way to targeted and quantifiable data collection. Recent proposals indicate two trends. On one hand, refined tools for data gathering seem to be necessary to gauge results of health and human development applications of ubimus (TIMONEY et al., 2015) . It is possible that physiological sensors will serve as effective complements of on-site observations and subject-based questionnaires. On the other hand, longitudinal studies might demand long-term data gathering to elucidate the mechanics of artistic decision making, making it very difficult to apply data-intensive methods (Keller et al., 2014b) .
Challenges for future ubimus endeavors
A recent review of musical creative practices (KELLER et al., 2013c) mentions four trends that demand stronger theoretical and methodological frameworks: (1) change of focus from creative products to processes (MARSDEN, 2012) ; (2) increased reliance on information technology support (TRUAX, 2002) ; (3) increased importance of local resources in creative activities ; (4) a shift from prescriptive models to descriptive and predictive models (BARREIRO; FERRAZ; KELLER et al., 2014b) . The design strategies discussed in this paper provide examples of creative decision making grounded on local material resources. The two support metaphors proposed in this paper enhance the available set of techniques to handle these resources. The impact of ubimus research on current creativity theories falls beyond the scope of this paper, but it has been addressed by Ferraz and Keller (2014) , Keller et al. (2011 and Keller and Lazzarini (2017) . In this section I will point to four issues that have been unveiled by ubimus experiments as viable research endeavors: everyday musical creativity, lay-musician interaction, design for sustainability, and design for distributed creativity in creative practice.
Everyday musical creativity. The emergence of everyday musical creativity as a worthwhile social phenomenon provides grounding for Truax's (2015) assertion that current musical practices raise the demands for technological support (item 2 of the musical creative practices review). Little-c music making can hardly exist without the assistance of mobile and ubiquitous technology. Wireless networks, portable devices and embedded technologies constitute potential enablers to foster music making almost anywhere (PIMEN-TA et al., 2014) . The time tagging studies reviewed in this paper indicate a pressing need for an experience-based understanding of the implications of everyday creative practice. The impact of the local environment was consistently documented either as a positive or as a negative influence on the participants´performance. Outdoor spaces got positive evaluations when compared to studio settings and domestic spaces were preferred when compared with commercial spaces. But the assessments were not uniform across all factors. The concept of everyday musical creativity that emerges from recent ubimus studies widens the geographical availability of spaces for music making by including creative phenomena which are not linked to artistic venues, enhancing the access by stakeholders that have been traditionally excluded from creative practice.
Lay-musician interaction. The importance of the creative process is highlighted by the lay-musician interaction phenomenon observed in the stripe metaphor study (item 1 of the musical creative practices review). Despite the increased levels of engagement by naive participants, it is not yet clear how to address the demands of professional stakeholders without a negative impact on novices' performance. The strategy employed in this study involved restrictions on the type of musical material -through the use of verbal instructions and of a precomposed rhythmic soundtrack -while keeping the freedom of action for the casu-al participants. Effective support may demand a combination of fixed resources and open procedures. A promising method -featuring a mix of predesigned resources and free procedures -is actively pursued by ecologically grounded comprovisational proposals (ALIEL et al., 2015) . How much flexibility and what level of guidance are necessary are questions to be answered through multiple iterations of designs and experiments.
An important flag raised by the Provocative Synthesis II study is the potential for exploration of an inclusive form of social engagement involving both proficient partners and casual participants in creative musical activities. Acoustic musical instruments demand long periods of training to achieve minimally rewarding artistic results. This requirement is aligned with the profile of professional practice. But casual music creators without the necessary domain-specific knowledge may not be able to contribute on an equal footing with musicians. The results of the Provocative Synthesis II study point to good levels of engagement when both musicians and casual participants are involved. But support for lay-musician interaction may imply tailoring for specific needs.
Design for sustainability. Technological support for pervasive musical activities increases the difficulties of the design tasks on two fronts. Ubimus systems may enhance the users' creative potential by giving access to local material and social resources (KELLER et al., 2011a; KELLER et al., 2014b ) (related to item 2 of the creative musical practices review). But easiness of use does not guarantee wide accessibility and sustainability (BLE-VIS, 2007) . The push toward wider accessibility to resources could introduce unintended demands that restrict the systems' adoptability. Custom-made, special purpose hardware interfaces -such as those proposed in tangible user interface design (FITZMAURICE et al., 1995) -may meet the requirements of transparency and naturalness reducing the cognitive load of complex tasks (KAHNEMAN, 1973; SWELLER, 1988) . In this case, the catch lies in the financial toll. Special-purpose systems are difficult to distribute and maintain. Consequently, the user base is narrowed by the increased costs of the hardware. Thus, one of the challenges of ubimus design is to provide sustainable strategies for complex creative tasks without impacting the usability of the systems.
A set of strategies proposed in previous ubimus design projects may open a path to more sustainable and usable solutions. Two techniques worth considering are hardware repurposing (FLORES et al., 2010; HUANG; TRUONG, 2008; VIEIRA et al., 2012) and rapid prototyping (KELLER et al., 2011a; KELLER et al., 2013a; LAZZARINI et al., 2014) . As exemplified in the mixDroid series of prototypes, consumer-class mobile devices -such as cellular telephones and portable tablets -can be repurposed for musical tasks. Given the lack of standard support for audio and musical data formats on mobile platforms, the initial ubimus developments were feasible but complex and counter-intuitive (FLORES et al., 2010; RADANOVITSCK et al., 2011) . Recent advances have paved the way to a wider range of mobile and distributed platforms (BRINKMANN, 2012; ESSL; ROHS, 2009; LAZZARINI et al., 2012) . Through an iterative approach to design -involving both creative musical activities and creativity support assessments -rapid prototyping techniques have been tailored for ubiquitous contexts. Given that ubimus research targets both interaction and signal processing, flaws that arise from coordination among these two processes can be identified early within the design cycle. Furthermore, on-site usage in full-blown musical activities uncovers opportunities for creative exploration of the software AND of the environment.
Design for distributed creativity. A revised notion of agency is necessary to account for the socially distributed resources involved in community-based creative activity. There are two aspects to be considered. On one hand, as ecologically grounded creative practice proposals have shown (BURTNER, 2005; DI SCIPIO, 2008; KELLER, 2000; CA-PASSO, 2006) , musical activities are embedded. That is, they do not rely only on the cognitive resources of the participants. Their outcomes depend on design properties arising from interactions among material resources and behavioral resources. Behaviors change materials and materials change behaviors yielding a process of affordance formation (GIBSON, 1977; KELLER, 2000) . When this process impacts the way the material resources are employed to support creativity, the dynamic relationships among resources and agents become relational properties (KELLER et al., 2015a , KELLER et al., 2015b . Complementarily, musical creative activities are social. This means that the resources are not limited by the experiential knowledge of a single creator -knowledge is accumulated and distributed among agents, sometimes forming a community of practice (PIMENTA et al. 2012) .
Summing up, I have addressed four issues that emerge as possible research targets for ongoing ubimus projects -everyday musical creativity, lay-musician interaction, design for sustainability and design for distributed creativity. The experiments reported and summarized in this paper point to the metaphors for creative action as viable strategies for support of creative musical activities that involve the participation of non-musicians or that take place in settings not meant for music making. Aside from the positive impact of the proposals reviewed above -including applications in artistic settings (ALIEL et al., 2015; CAPASSO et al., 2013; CONNORS, 2017) and in educational settings (BROWN et al., 2014; LIMA et al., 2012; PALAIGEORGIOU; POULOULIS, 2017; THORGERSEN, 2014) , ubimus is a growing area of research that may provide contributions to multiple fields that demand fresh theoretical and methodological views on music making. One example is the development of the Internet of Musical Things (IoMusT -KELLER; LAZZARINI, 2017; TURCHET et al.m 2017) . The IoMusT is a network-enabled infrastructure featuring multiple physical objects that hold a potential for local and remote access during collaborative musical activities. One interesting aspect of this set of tools is its ability to incorporate and to repurpose a variety of everyday objects for musical ends. Consequently, the IoMusT could help to fulfill the agenda of ubimus sustainable support infrastructure. Another application of ubimus design strategies involves the incentive of positive and healthy activities by means of creative musical endeavors. Preliminary studies have been carried out with elderly subjects, involving audio mixing during short walks. Results indicate that ubimus activities help sedentary subjects who need motivation for physical activity to adopt positive changes in their routine. Creativity support strategies have also been applied to foster music making by cognitively challenged participants. Very encouraging results were obtained in preliminary studies involving adults with serious cognitive challenges, with no previous technological experience and lacking written language skills. These results and the variety of experiments carried out during a decade of ubimus research unveil new fields of application, hinting at exciting developments in the foreseeable future.
